Background. Urothelial carcinoma is the most common type of bladder cancer (BC). It makes up more than 90% of all bladder cancers. Uroplakins are tissue-specific, glycoproteins, playing a role in the construction and function of urothelium. The emergence of uroplakins in the urine and/or plasma may be of potential importance in the early detection of BC. In our study, the diagnostic value of plasma and urine uroplakin 2 (UP2) concentration in bladder cancer was investigated, with an assessment of the antioxidant potential of BC patients. The correlation between UP2, total antioxidant capacity (TAC), and concentration of glutathione (GSH) was also examined. Materials and Methods. This study included 61 BC patients and 33 healthy controls. UP2 concentration was estimated by the immunoenzymatic method (ELISA). TAC and GSH were determined in spectrophotometrically methods. Results. UP2 concentration in BC patients was significantly higher (p≤0.001) both in plasma and in urine compared to the control groups (C). TAC concentration in urine (p≤0.001) and GSH concentration in plasma (p=0.047) were significantly lower in BC group compared to the C group. The high specificity and sensitivity for UPK2 in plasma (76%, 80%, respectively) and urine (88%, 84%, respectively) were observed. Positive correlations were observed between concentration of UP2 in plasma and TAC concentration in urine and between UP2 concentration in plasma and GSH concentration in the same material. Conclusion. The study showed the early diagnostic value of urine and plasma UP2 in BC. There was a decrease in UP2 concentration in the urine of patients with the development of BC. The decrease of antioxidant systems (TAC, GSH) indicates their relationship with the BC process. Based on the obtained results, it is justified to continue the study in a larger group of patients with BC.
Background
Urothelium is a multilayer membrane, which covers renal pelvis, ureters, bladder, and proximal part of urethra and is in direct touch with urine. Urothelium is built with dimensional, asymmetric plaques, whose specific structure is crucial for tightness and elasticity of urothelium. This feature protects bladder walls from rupture by filling bladder with urine. Integral components of these plaques are uroplakins (UP), differential, hexagonal configured, and mutually conjugated proteins. A few isoforms of UP are known in humans: UP1a, UP1b, UP2, UP3a, UP3b, and UP3c. UP can be classified into two main groups: tetraspanins like UP1a and UP1b which have four transmembrane domains and uroplakins with one transmembrane domain: UP2 and isoforms of UP3. Uroplakins form heterodimers in which UP1a is coupled with UP2, and UP1b with UP3 [1] [2] [3] .
UP2 with a mass of 15kDa is the smallest UP. It is synthetized as a prepro-UP2 with a mass of 19 kDa. In contrast to other UPs, a mature form of UP2 does not consist of any sugar moiety; however its precursor undergoes glycosylation in endoplasmic reticulum (ER). Glycosylation of immature UP2 seems to be crucial in building the dimer with UP1a. UP2 is essential in forming of uroplakins crystals, out of which plaques are built. This status is proofed by the absence of these structures in cells without UP2 coding gene [2, 4] .
Disorder of proper expression of UP is connected with pathogenesis of infections, neoplasms of urinary tract, and primary vesicoureteral reflux [1] . Most of bladder cancers (BC) are urothelial neoplasms. In this type of tumors, UP can be released in a greater amount than in regular cases, due to destruction of urothelium. Parallel to tumor growth, physiological urothelial tissue is replaced by cancer cells, with the loss of UP production ability in malignancy process [5, 6] .
Development of BC is related to long-term exposition to environmental risk factors, such as smoking, chemical substances in workplace and place of residence (e.g., polycyclic aromatic hydrocarbons: PAHs, aromatic amines, heavy metals, nitrosamines, and pesticides) [7] . Metabolism of these substances is related to an increased production of reactive oxygen species (ROS) and induction of oxidative stress (OS). The role of OS in initiation, promotion, and progression of BC has been described in literature [8] . Elimination of ROS is mainly made by antioxidative systems; therefore its evaluation in BC seems to be essential.
Total antioxidant capacity (TAC) is composed of antioxidants (e.g., ascorbic acid, -tocopherol, -carotene, reduced glutathione, uric acid, and bilirubin) and can be measured in body fluids. TAC level affects intensification and occurrence of OS, responsible for many diseases, inter alia, cancers. The content of individual antioxidants in body fluid does not always reflect its real effectiveness. Due to this fact, fast and noninvasive methods of TAC measurement have been elaborated [9] [10] [11] .
One of the antioxidants, which plays essential role in cell defense from negative effect of oxygen free radicals, is glutathione (GSH). This tripeptide has a capability in H 2 O 2 and other ROS deactivation and in chelation of heavy metal ions, which participate in ROS forming. GSH conjugates xenobiotics and participates in regeneration of other antioxidants and also ingredients of cell membrane as well as nucleic acids. The role of GSH in apoptosis and cell differentiation is known [12] . GSH occurs in two forms: reduced (GSH) and oxidized (GSSG), but reduced form dominates. It is assumed that reduced level of GSH can be related to development and progression of many cancers due to the higher susceptibility to free radicals [13, 14] . So far GSH was not analyzed in BC patients.
The aim of this study was to evaluate diagnostic value of UP2 in BC, measured in urine and plasma of BC patients, with different tumor stage and grade. This value has not been investigated before. The evaluation of TAC in BC patients urine and measurement of reduced GSH in patients plasma, which was performed to estimate the efficiency of antioxidative processes in patients with ongoing neoplastic process in relationship to changes in UP2 level, were an additional novelty of the study. Moreover, mutual relations between UP2 and other parameters like uroplakin 3a (UP3a), 8-hydroxy-2' deoxyguanosine (8-OHdG), and glutathione Stransferase isozyme-(GST-), which has been previously published, were investigated in the same patients group [15] . 
Materials and Methods

Patients.
The study group was 61 BC patients of Urology and Oncological Urology Department (Wroclaw Medical University). The group consisted of 51 men (84%) and 10 women (16%), and mean age was 66 years (41-88). All patients were informed about aim of study, participation was voluntary, and all signed written informed consent. The control group included 33 healthy volunteers: 28 men (85%) and 5 women (15%) aged 54-81 years (mean age 65). The characteristics of groups are given in Table 1 . Controls were selected from participants with no history of cancer or other chronic inflammation, which was excluded by clinical examination of the cytology of urine sediment and a urine strip test. The BC patients and subjects from the control group were of similar socioeconomic status. There were no significant differences between these groups. All participants were informed of the aim of the study and gave written consent to participate. precoated with an antibody specific to UP2. Standards or samples (100 l) were added to the appropriate microplate wells with a biotin-conjugated antibody specific to UP2. Next, avidin conjugated to Horseradish Peroxidase (HRP) was added to each microplate well and incubated (2h, 37 ∘ C). Next TMB (3,3 ,5,5 -tetramethylbenzidine) substrate solution was added, which caused that only those wells that contain UP2, biotin-conjugated antibody, and the enzyme-conjugated avidin displayed a change in the color. The enzyme-substrate reaction was terminated by the addition stop solution and the color change was measured spectrophotometrically at a wavelength of 450nm by Synergy HTX Multi-Mode Microplate Reader (BioTek Instruments, Germany). The concentration of UP2 in the samples was then determined by reading the absorption of the samples to the standard curve.
TAC and GSH.
TAC and GSH levels were determined spectrophotometrically using the Antioxidant Assay Kit (Cayman Chemical, USA) and Glutathione Assay Kit (Cayman Chemical, USA), respectively, according to the manufacturer's instructions in listed test.
TAC.
This assay quantifies the ability of the sample to inhibit an oxidation assay and compares the degree of inhibition by urine to known quantities of Trolox. It relies on the ability of low molecular weight antioxidants in urine to inhibit oxidation of 2, 2 -azino-di-[3-ethylbenzthiasoline sulphonate] (ABTS) to ABTS + by metmyoglobin. Inhibition of absorption at 750 nm is measured by Synergy HTX MultiMode Microplate Reader (BioTek Instruments, Germany) and compared to that of the water soluble tocopherol analog, Trolox. The data therefore reflect the net antioxidant capacity of proteins (e.g., albumin) and small molecules (e.g., GSH, vitamin E, and vitamin C) normally present in urine [16] .
GSH.
GSH assay utilizes a carefully optimized enzymatic method, using glutathione reductase, for the quantification of GSH. The sulfhydryl group of GSH reacts with DTNB (5,5 -dithio-bis-2-(nitrobenzoic acid) and produces a yellow colored 5-thio-2-nitrobenzoic acid (TNB). The mixed disulfide, GSTNB (the disulfide product of reaction of GSH with DTNB) that is concomitantly produced, is reduced by glutathione reductase to the GSH and produces more TNB. The rate of TNB production is directly proportional to this reaction which is in turn directly proportional to the concentration of GSH in the sample. Measurement of the absorbance by Synergy HTX Multi-Mode Microplate Reader (BioTek Instruments, Germany) of TNB at 405-414 nm provides an accurate estimation of GSH in the sample [17] .
The obtained urinary markers values were calculated in relation to the urine creatinine level previously estimated by Jaffe's routine method [18] .
Statistical Analysis
Statistical analysis was conducted with Statistica PL software (version 13.1). The normality of distribution was checked with the Lilliefors and the Kolmogorov-Smirnov tests. Student's t-test for parametric data and the Mann-Whitney U test for nonparametric data were used. The values of p<0.05 were considered as statistically significant. The associations between continuous variables were analyzed by the Spearman for nonparametric data and Pearson for parametric data. The receiver operating characteristic (ROC) curves were conducted and estimated. The area under the curve (AUC) and the best cut-off point were calculated employing ROC analysis which evaluated the relation between sensitivity and specificity of examined markers.
Results
The mean plasma concentration of UP2 in BC group was 1.4 higher than in the control group (p≤0.001) (Table 2(a)), whereas the mean urine concentration of UP2 in group of patients with BC was 3.4 higher than in the control group (p≤0.001) (Table 2(b)).
There were no statistically significant differences of UP2 concentration both in plasma or in urine between nonmuscle invasive bladder cancer (NMIBC) and invasive bladder cancer (MIBC) but in both groups UP2 concentration was higher than in the control C (p≤0.001). Similar trend of results was obtained in LG and HG groups (Tables 2(a) and 2(b)). Nonsignificant differences between UP2 concentration in smokers and no-smoking patients were also observed, both in urine and in plasma (Tables 2(a) and 2(b)). Only between BC men and BC women difference was significant in plasma UP2 concentration (p≤0.001) (Table 2(a)), while any significant difference between the concentrations of UP2 in the plasma of women and men in the control group was found (p>0.05).
A low positive correlation between the UP2 excreted into urine and age and higher correlation between UP2 in plasma and sex were noted only in patients group (Table 6 ).
The diagnostic value of the examined tested UP2 in both biological fluids was evaluated. The high specificity and sensitivity for UP2 in plasma (76%, 80%, respectively) and urine (88%, 84%, respectively) were observed. The results show that the concentration of UP2 measured by immunoenzymatic methods has a good diagnostic value in BC group. The AUC was calculated as 0.79 in plasma (Figure 1 ) and 0.89 in urine (Figure 2 ). It points a good diagnostic value of UP2 in plasma or in urine (over 0.8). The designated cut-off points were for UP2 in plasma 3.107 ng/mL and for UP2 in urine 0.104 ng/mg cr., respectively.
The mean TAC concentration in urine in BC group was 1.6 lower than in control group C (p≤0.001) ( Table 3) . TAC values were also higher for MIBC compared to NMIBC, and in the LH than HG groups, but not statistical significantly. In both groups (MIBC and NMIBC) TAC was significantly lower than in the C group (p≤0.001). A similar trend was obtained in LG and HG groups than in the C group (p≤0.001). There were no significant differences in examined TAC concentrations between BC men and women or between BC smokers and nonsmokers (Table 3) .
The concentration of GSH in plasma was significantly lower (about 1.2) in BC patients than in controls (p=0.047) ( Table 4) . No significant differences in GSH concentration in urine were observed in comparison of NMIBC and MIBC, either between LG and HG groups. The GSH concentration in HG group was significantly lower than in the C group (p=0.025). The differences between smoking or nonsmoking BC, women or men, were also not statistically significant (Table 4) . Connection between the determined parameters was presented in Table 5 . Positive, but not strong correlations were observed between UP2 (plasma) and TAC (urine) and between UP2 (plasma) and GSH (plasma). No significant correlation was noted between UP2 (plasma) and UP2 (urine) and between TAC (urine) and GSH (plasma).
Additionally, correlations between UPK2, TAC, GSH, and other parameters examined earlier were investigated. These parameters included UP3a, also 8-OHdG, specific for oxidative DNA damage marker, and GST , detoxification enzyme located in the urothelium. The high correlation between UP2 (urine) with UP3 (urine), lower with 8-OHdG (urine), and isoenzyme GST (urine), were observed (Table 6 ). The correlations observed in urine were not reflected in the resultants obtained patients in plasma.
Discussion
UP3 was the first uroplakin which was evaluated for usefulness in BC diagnostics. The antibody used in this study was characterized with high specificity, but its sensitivity (10-60%) was not sufficient. In 2014 Smith et al. [19] have published the study with the comparison of monoclonal antibody used for UP3 detection with the new (at that time) UP2 binding antibody. To perform this study, they have detected both uroplakins (UP2 and UP3) in tissue samples of BC. Patients with different neoplasm of urinary tract have participated in this study. In patients with bladder neck tumor, UP2 antibody has shown higher sensitivity (63% UP2; 19% UP3) with a slightly lower specificity (95% UP2; 100% UP3). Similar results have been obtained for upper urinary tract urothelial carcinoma (UUTUC), 68% of sensitivity for UP2 and 23% for UP3 and 100% specificity for both uroplakins. In metastases of urothelial carcinoma also higher sensitivity of UP2 (73%) than UP3 (37%) was noted. In histopathological samples of nonurothelial cancers uroplakins have not been detected. Moreover, it has been noted that UP3 was present only in cell cytoplasmic membrane, and UP2 was detected in cell membrane as well as in cytoplasm [19] . Occurrence frequency of UP2 and UP3 in several urothelial cancers has been also investigated by Li et al. [20] . In this study, histological tumor samples of patients with various urothelial cancers (UCs) variants, including 105 conventional bladder Ucs (BUCs), 90 UUTUCs, 47 micropapillary, 16 plasmacytoid, 22 small cell carcinoma, and 41 sarcomatoid UC variants, were collected. Obtained results have been similar to those presented by S.C. Smith [19] and showed that in most of UC, UP2 was more often present in tumor cells than UP3.
Our study showed that measurement of UP2 in urine as well as in plasma can be used in BC diagnostics, because plasma and urine level of this protein were statistically significantly higher in BC patients (p≤0.001) than in the control group. So far similar studies have not been published, and UP2 expression was investigated only in histopathological BC samples with immunohistochemical methods. A low UP2 concentration (especially in urine) was the possible cause of this condition. However, the use of sensitive test (detection in ng/ml) has allowed us to measure UP2 concentration in body fluids (urine, plasma).
In the performed study, we observed that, together with higher tumour stage and grade (MIBC, HG), urine concentration of UP2 decreases. However, this UP2 fall was not observed in plasma and average UP2 concentration in MIBC and NMIBC as well as in LG and HG groups was similar. High, statistically significant differences between mean UP2 concentrations in LG tumors and NMIBC, both in plasma and in urine, in comparison to the control group (p≤0.001) suggest that UP2 can be a potential marker in the early diagnostics of BC. Early detection of BC increases the possibility of proper treatment and improves patients' prognosis.
In literature, similar type of relationship was described in reference to UP2 expression in BC tissue. Histopathological samples obtained from patients with tumor of higher malignancy level have lower membrane expression of UP2 [21] . In the study of Vargi et al. [22] on UP1b, it has been demonstrated that hypermethylation of CPG sites presented close to promoter of this protein coding gene results in silencing of this gene. There exists a correlation between the expression of DAPK1 protein (death-associated protein kinase 1) promoter, which often undergoes hypermethylation, and expression of UP2 coding gene [23] . It suggests that similar mechanism may occur in UP2 as in UP1b.
In MIBC and NMIBC as well as in LG and HG tumors, any statistically significant differences were observed. The lack in significance could be caused by a small group of patients, especially with MIBC (n=15). The study on larger patients' group could be evaluated if noted a downward trend of UP2 level in step when disease progression is proper. If this correlation is factual, UP2 in urine could be used not only as diagnostic marker of BC, but also as a prognostic parameter in disease monitoring. The study has not shown the correlation between UP2 in plasma and in urine. Statistically higher concentration of UP2 (p≤0.001) in men plasma than women with BC, and the lack of such a correlation between healthy men and women, could suggest the involvement of other mechanisms, which regulate the increase of UP2 expression in urothelium or more intensive process of its release to blood. However these data need to be evaluated and analyzed in detail.
High specificity and sensitivity of UP2, shown in our study (76% and 80% in plasma and 88% and 84% in urine), point on its high value in BC diagnostics.
Disorders in oxidative and antioxidative balance occur in neoplastic processes [8, [24] [25] [26] . TAC has been evaluated in many diseases, also in BC, but only in patients plasma [27] . In available literature, there are not any studies on TAC in urine of BC patients. Our study has shown relevant lower TAC activity in BC patients urine, almost 40% lower than in control group. An important decrease of TAC activity has been observed in all BC stages (LG, HG, MIBC, and NMIBC) in comparison to control (p≤0.001). However, any relevant differences between lower and higher BC stages were noted. We observed the correlation between UP2 both in urine and in plasma and level of TAC activity in urine.
A decrease of antioxidative systems activity in BC shows on its depletion and suggests that supplementation with egzogenic antioxidants, such as vitamins, can be therapy complement. Such conclusion has been presented by the cohort study of Nechuta et al. [28] . In the group of oncological patients treated with vitamin supplements, authors have observed 18% lower risk of death in comparison to patients without supplementation. Also chance of disease recurrence was lower of almost 22%. It has been established that antioxidants can inhibit growth of existing neoplasm, among others by activation of macrophages and lymphocytes, which have cytotoxic effect on tumor cells, regulate p53 gene expression, and restrain angiogenesis especially by vitamin E, carotene, and glutathione [12] .
Disorders in glutathione homeostasis are considered as one of risk factors of many diseases, also cancers. It is supposed that lower GSH level may be related to cancer development and progression due to an increased cell sensitivity on free radicals [14] . Moreover, it has been demonstrated that GSH prevents activation of NF-B (nuclear factor kappalight-chain-enhancer of activated B cells) responsible for i.a. apoptosis inhibition [29, 30] . This thesis has not been confirmed in other studies, which shows elevated GSH level and enzymes involved in GSH synthesis in neoplastic cells [31] . Our study shows significantly lower GSH level in BC patients (p=0.047) in comparison to the control group. GSH concentration in group of patients with HG tumor was also significantly lower (p=0.025) with reference to the control. It points out a decrease of GSH concentration in BC patients due to ongoing neoplastic process. So far there has been the lack of data for this parameter measurement in BC. Any significant differences between GSH level according to tumor grade and stage (p>0.05) were observed.
Results obtained by other researchers show significant role of GSH in neoplastic growth [12, 32] . The study of Lash et al. [33] , made on cell culture of prostate cancer, shows that more malignant cells have 4.2 higher GSH level, and they were more resistant to chemotherapy. Research made by Byun et al. [34] on cell culture T24 points on relation between cancer cell GSH level and cisplatin-resistant. It confirms that GSH could be a useful indicator of ongoing neoplastic process, especially during chemotherapy efficiency monitoring. Elevated GSH level in cancer cell is induced by defence mechanisms: protection against immunological response, cytostatic resistance, and radiotherapy [35, 36] . The study of Safarinejad et al. [37] on role of glutathione transferase (GST) polymorphism genes in urothelial cancer development shows that some of gene variants coding glutathione S-transferase isozyme--1 (GSTP1) were related to higher risk of getting BC. Moreover, BC patients with this genotype were more susceptible to progression of more invasive and more malignant form of BC.
BC is classified as environmentally related. Higher risk of BC development is observed in tobacco smokers and in people exposed to chemical carcinogens (e.g., aromatic amines, PAHs, heavy metals, and nitrosamines). These factors are related to the production of free radicals and oxidative stress, which is one of BC carcinogenesis factors [7] . Search on noninvasive diagnostic markers and role of oxidative stress in BC development are the aim of our researches for few years [38, 39] . Based on our former study, with the same BC patients group, we have evaluated the relation between plasma and urine UP2 concentration and a marker of oxidative DNA damage, 8-OHdG. In available literature, other authors have described influence of various xenobiotics on increasing 8-OHdG level in monitoring exposition on genotoxic substances. Our study shows the correlation between UP2 and 8-OHdG level in urine, which points to UP2 sensibility on genotoxic and oxidative influence of xenobiotics presented in environment.
Glutathione transferase is an important detoxification enzyme and plays the main role in xenobiotics transformation, especially PAHs. Isozyme GST is particularly involved in carcinogenesis process [40] [41] [42] [43] . Our studies showed a significantly higher GST urine concentration in BC patients than in the healthy group. An increased urine concentration of UP2 could be related to an extensive destruction of urothelium which leads to UP2 releasing from ruined urothelial cells and also by UP2 production by neoplastic cells. The simultaneous growth of UP2 and GST concentrations in BC is probably related to an increasing amount of tumor cells, able to produce synthesis of this protein [44] .
The correlation between former evaluated UP3 and UP2 urine concentration in the study group (R=0.491; p≤0.001) shows relationship between these two uroplakins, which are released to urine due to urothelium damage. We observed (in our studies) a higher plasma concentration of UP2 in relation to urine concentration, but in UP3 this trend was reverse. The possible reason of this situation could be the fact that UP2 is sugar free low molecular weight protein (15kDa) and it penetrates more easily to blood than UP3 [2, 4] . Li et al. [20] point to UP2 as a better expectant marker of BC, because it is often present on tumor cells than UP3. Our preliminary study shows UP2 usefulness in early BC diagnostic and its prognostic value, related to decreasing urine UP2 level in step with cancer growth.
Conclusion
Our study showed usability of UP2 evaluated in urine and plasma as a potential marker in early BC diagnostics. UP2 prognostic value is evidenced by the decline of its concentration along with BC development, reported in measurement of UP2 in urine. Due to this fact, further researches on UP2 application as a BC marker in larger patients group are indicated. Efficiency decrease of antioxidative systems (TAC, GSH) points to its association with neoplasm and suggests usefulness of vitamin supplementation and/or introduction of diet rich in antioxidants (vegetables, fruits) as a complementation of BC therapy.
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